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Recent work has demonstrated with regard to  the agglutinins of 
Bacillus abortus that the blood of the normal new-born calf before it 
has  received  colostrnm  does  not  contain  agglutinins.  If  the  calf 
receives colostrum from a  cow with a high titer for Bacillus abortus, 
agglutinins will appear in the blood in a  relatively short  time  (1). 
Furthermore, the blood of a new-born calf before it has suckled does 
not  contain  appreciable  quantities  of protein  precipitated  by  con- 
centrations  of  sodium  sulfate  which are  less  than  17.4  per  cent 
whereas after it has ingested colostrum these proteins will be present 
in relatively large amounts (2).  The ingestion of milk does not result 
in the increased appearance of the two globulin fractions of the blood. 
The data presented in this paper bear upon the relation which exists 
between the appearance of the agglutinins and the accumulation of 
globulins  in  the  blood  of  new-born  calves  and  upon the protein 
fractions  in  the  colostrum  and  blood  with  which  the  agglutinins 
are associated. 
I. 
The Simultaneous  Appearance  of  Agglutinins and  Certain  Globulins 
in  the Blood  of New-Born Calves. 
Presentation  of Data.--The  method  of  collecting the  samples  of 
blood,  and  the  determination of  the  agglutinin  titer  of blood  and 
colostrum have already been presented (1, 3).  The procedure for the 
determination of the proteins of blood  and  colostrum has  also been 
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given  (2,  4,  5).  The  accompanying  tables  contain  representative 
data. 
The data contained in Table I  illustrate the rapidity with which the 
agglutinins  and  globulins  are  absorbed  by  the  new-born  calf.  In 
the first case (calf of Cow 664), an agglufinin fiter of 1:80 is obtained 
TABLE  I. 
Data Showing the Ckanges in the Agglutinin Titer and in the Proteins of tke Blood  of 
Calves Following the Ingestion of Cotostrum.* 
Total  Eu-  Pseudo- Pseudo- I  t  Non-  I  globulin  Total  Albumin. protein  Aggluti-  Age of  calf.  nitrogen,  globulin,  globulin globulin,  nation.  II.  nitrogen. 
Calf of Cow  664. 
m  20m  in.  10.776 
CalfaUowedtosuckledam. 
4 hrs.  0.896 
6  "  10min.  1.066 
14 "  30  "  1.399 
11 days.  1.352 
0.018 
0.098 
0.162 
0.512 
0.333 
0.072 
0.218 
0.303 
0.401 
0.469 
0.184 
0.115 
0.183 
0.175 
0.149 
0.273 
0.431 
0.648 
1.088 
0,951 
0.430 
0.391 
0.354 
0.247 
0.367 
0.073 
0.073 
0.064 
0.064 
0.034 
1:80 
1:160 
1:320 
Calf of Cow 411. 
Dam's blood.35  mill.  I 0.7591.135 I 0.090 
Calf  allowed  to suckle  dam.t  I 
1 hr.,  50 rain.  I 0.700 I 
3 hrs., 50  "  0.802  0.038 
18  "  0.925  0.085 
0.286 
0.068 
0.073 
0.094 
0.290 
0.119 
0.154 
O. 149 
0.171 
0.153 
0.495 
0.222 
0.222 
0.303 
0.443 
0.606 
0.460 
0.422 
0.422 
0.354 
0.034  1:2,560--  0.077  1:40 
1:640 
0.043 
* Results in this and the accompanying tables are expressed as grams of nitro- 
gen in 100  ec. of blood, and as the highest  dilution at which agglutination was 
positive. 
t The composition of the first colostrum was as follows, expressed as grams of 
nitrogen per 100 cc. of centrifuged colostrum:  total nitrogen 2.747, euglobulin N 
0.899, casein N 1.097, pseudoglobulin I N 0.03, pseudoglobulin II N 0.154, albumin 
N 0.224, non-protein N 0.074. 
within less than 3  hours.  In the same time the amount of pseudo- 
globulin I  has increased  from 0.072  gin.  of nitrogen per  100  cc.  of 
blood to 0.218  gm. of nitrogen and the euglobulin has increased in a 
like proportion; about 2 hours later analyses showed further increases 
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In  the second  case  (calf of  Cow 411),  the increase in  the globulin 
content is not as rapid but the agglufinin fiter is much higher.  With 
both  animals  an  absorption  of  agglufinins is  accompanied  by  an 
increased amount of globulin in the blood. 
The effect of withholding colostrum from calves for a  short period 
of time is shown in the first portions of the data contained in Table 
II.  From an inspection of the data it is evident that when colostrum 
is withheld from a calf and ordinary milk is given, neither the agglu- 
tinins nor the globulins appear in the blood to an appreciable extent 
for at least 21 hours.  In this time a calf which has received colostrum 
soon  after birth  will have  accumulated a  considerable  quantity of 
globulin in its blood and also agglufinins, if they are present. 
When colostrum is fed at the end of 17 or 21 hours, in three cases  t 
agglufinins appear in the blood and there is a very definite increase in 
the  concentration  of  euglobulin  and  pseudoglobulin I  (calf of Cow 
3401,  Table II)  and of euglobulin and pseudoglobulin in the case of 
the  calf of Cow  627.* 
There is a  difference between the calf of Cow 3401 and the calf of 
Cow 627 in that in the first case the calf received milk which had been 
refrigerated for approximately 17 hours and then warmed, and later 
another milking of colostrum was  fed which had been held only 8 
hours before feeding.  The calf of Cow 627 suckled another cow (No. 
626)  immediately after bleeding at 21~  hours.  The agglutinin fiter 
of the blood in each of these cases reflects the titer of the colostrum 
which the calf ingested. 
I A third case is not reproduced here but is to be found in a previous  publication 
(2), Calf B.  This calf received 36 ounces  of colostrum,  which  had been refrigerated 
and warmed before it was fed, approximately 21 hours after birth, and later 92 
ounces of colostrum at approximately 28½ hours after,birth.  The agglutinin titer 
of the blood serum was negative at birth and first gave a reaction at 28½ hours, 
1  : 160; at 45 hours the titer was 1: 160, and at 71 hours it was 1: 320. 
At the time the blood of this calf was analyzed the presence of two pseudo- 
globulins had not been established for the analtyicalprocedures used, and analyses 
were not made at 17.4 per cent of sodium sulfate.  The data presented represent 
pseudoglobulins I  and II.  Analyses  made later  on these samples showed the 
presence of pseudoglobulln  I following  the ingestion of colostrum  and the essential 
absence of this protein before receiving colostrum.  The data are not given since 
they are definitely  open to question. TABLE  IX. 
Data Showing the Changes in  the Agglutlnin Titer and in the Pro~elns of the Blood 
of Calves  Following the Ingestion  of Colostrum.  Effect of Withholding 
Colostrum for a  Number of Hours. 
Total  Eu-  I Pseud°- I Pseud°"  N°n"  I  Total  b  i  o  '  Agglutl-  Age of calf.  nitrogen,  globulin, globulin  I globulin  lohull  A1 um n  pr tern  I.  ]  II.  g  ~  n.  ]nitrogen.  nation. 
Calf born of a low titer cow (No. 3401),  restrained from taking colostrnm until after 
two blood examinations,  then fed colostrum which had  been refrigerated and warmed. 
Titer of colostrnm 1:160. 
,hr  2Omen  1080510 0  000,10102102 9t04  
17 hrs., 20  "  O.693  0.076  0.000  0.153  0.229  0.416 
Fed 96 ounces of colostrnm which had been refrigerated and warmed. 
21hrs.,  50 min.  I 0.812[0,068[  0.131l  0.110  1 0.3O9  0.459 
Fed colostrum at 1.30 p.m. taken from dam at 5.30 a.m. 
26 hrs.  1.046  0.131  0.228  0.149  0.508  0.481 
44  "  0.954  0.144  0.298  0.048  0.490  0.394 
68  "  0.854  0.097  0.245  0.039  0.381  0.407 
0.053 
0.048 
0.044 
0.057 
0.070 
0.066 
m 
1:20 
1:40 
1:40 
1:20 
Calf of Cow 627.  Restrained from taking colostrnm until after three examinations of 
blood, during which time it was fed milk free from agglutlnins, then allowed to suckle a 
high titer cow (No. 626) which had given birth to a calf the same day.  Titer of colostrum 
1:2,560. 
1 hr.,  50m  in.  0.652  0.053  t  0.120" I 0.173 
7hrs.,  10  "  0.598  0.047  I  0.175  0.222 
21  "  30  "  0.638  0.034  0.173  0.207 
Calf placed with Cow 626 immediately after bleeding.] 
32 hrs.  0.648  0.136  0.170  I 0.306 
46  "  50mln.  0.772  0.142  0.248  I 0.380 
71  "  20  "  0.839  0.191  0.186]  0.377 
79  "  50  "  0.778  0.130  0.178  0.308 
93  "  20  "  0.774  0.135  0.164  0.299 
0.416 
0.328 
0.378 
0.302 
0.339 
0.409 
0.431 
0.422 
0.052 
0.048 
0.053 
0.035 
0.053 
0.053 
0.039 
0.053 
m 
1:640 
1:640 
1:640 
1:1,280 
Calf born of a  high fiter cow (No. 634), restrained from taking colostrum until after 
three blood examinations, during which time it received milk free from agglutinins, then 
fed the dam's colostrnm which had been refrigerated and warmed.  Titer of colostrum 
before refrigeration 1:640. 
1 hr.  0.740  0.035  I  0.252"[f  0.287  0.400 
6hrs.  0.774  0.021  [  0.271  0.292  0.438 
J 
22  "  30min.  0.660  0.039  0.166  0.205  0.407 
Calf received 33 ounces of colostrum immediately after bleeding. 
29 hrs. 
45  " 
53  " 
3 days. 
4  " 
5  " 
7  u 
0.791 
O. 772 
0.843 
0.832 
0.717 
0.740 
0.730 
0.126 
0.096 
0.077 
0.094 
0.065 
0.084 
0.095 
0,197 
O. 140 
0,200 
0,212 
O. 175 
O. 175 
O. 184 
0.233 
0.236 
0.277 
0.268 
0.240 
0.259 
0.279 
0.420 
0.483 
0.523 
0.489 
0.429 
0.438 
0.407 
0.053 
0.044 
0.048 
0.048 
0.053 
0.053 
0.044 
0.048 
0.043 
0.044 
m 
m 
m 
m 
* The  remaining  data  in  this  column  refer  to  pseudoglobulin 
globulin II. 
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The third case in this series (calf of Cow 634)  received colostrum 
which had been refrigerated for approximately 22 hours, and showed 
but a  slight increase in the globulin content of the blood and no ag- 
glutinins.  The remarks just made with regard to the analysis of the 
blood of the calf of Cow 6272 apply to this case.  The globulin con- 
tent of the colostrum was not determined.  It is impossible to say, 
therefore, whether the failure to obtain a marked rise in the globulin 
content of the blood serum was due to the low globulin content of the 
colostrum,  to  the effect of refrigeration, or  to  the  age of the  calf. 
The latter condition would seem to be ruled out by the results of the 
other two experiments and on Calf B  previously reported (2).  Sub- 
sequent  data  indicate  that  the  composition  of  the  colostrum  does 
have a relation to the kind and quantity of globulin which appears in 
the blood. 
DISCUSSION. 
A  definite  relation  between  the  absorption  of globulins  and  the 
absorption  of agglufinins by new-born calves is brought out in  the 
data  presented.  The  absorption  of  euglobulin  and  pseudoglobulin 
I s is a process independent of the presence or absence of agglutinins 
for Bacillus  abortus.  Whether or not  agglufinins can be  obtained, 
and absorbed independent of the globulins we do not know, but it 
appears  doubtful from the work of investigators who have studied 
the  chemistry of immunity.  We  have  fractioned samples  of milk 
with a  high agglutinin fiter which did not contain a marked increase 
in globulin content, but the agglutinins were removed by concentra- 
tions of salt which remove the globulins. 
From the data presented it is evident that  the agglutinins which 
the  new-born  animal  acquires  by  the  ingestion  of  colostrum  are 
associated with the direct absorption of the globulins of colostrum. 
There are numerous'references  in the literature to the absorption of unchanged 
foreign protein based upon biological tests.  With regard to the absorption of 
colostrum we have  the work of Langer, Bauer,  and Baue~isen.  Larger  (6) 
By euglobulin is meant protein precipitated from serum or colostrum at 14.0 
to 14.2 per cent of sodium sulfate, i.e.  14.2 gin. of sodium sulfate contained in 
I00 cc. of solution at 37°C., and by pseudoglobulin  I is meant protein precipitated 
between 14.2 and 17.4 to 18.4 per cent of sodium sulfate and exclusive  of casein in 
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demonstrated, by means of the precipitin reaction, the absence of substances in 
the  blood of  the  new-born  calf which  would  react with  colostrum antiserum, 
whereas colostrum antiserum and cow blood did react.  After suckling,  and as 
early as 6 hours after suckling, substances appeared in the blood of the calf which 
reacted  with  colostrum  antiserum.  The  maximum  content  of  reacting  sub- 
stance was reached on the 2nd day, after which the values were relatively constant. 
A new-born calf allowed to suckle a cow which had given birth 3 weeks previously 
did not have in its blood, after 48 hours, substances which would react with colos- 
trum  antiserum.  Langer  concluded  that  the  blood  of  the  new-born  received 
from colostrum  certain  additions  by direct  absorption  which  made  the  blood 
similar in composition to that of its mother. 
Bauer (7) presented evidence for new-born infants, based upon the complement 
fixation  test,  similar  to  that  of Lauger's.  He concludes,  however,  that  since 
all children  contain the acquired substance within the first 2 months no matter 
what the diet may be, that the acquired protein is formed and increases during 
early life.  On the other hand, Bauer used antiserum to the soluble proteins of 
cow's milk and obtained reactions with the blood of the new-born calf which had 
not suckled.  From this observation he concluded  that a  calf at birth is more 
advanced in its development than the infant. 
Bauereisen (8) studied, with the precipitin reaction, the problem of the relation 
of  blood of the  new-born  to  the  blood  of  the  mother,  to colostrum,  and  to 
milk.  He conducted his experiments with reacting substances of equal  protein 
content, since the blood of the new-boru is low in protein, and likewise milk, as 
compared  with  colostrum.  Under  such  conditions Bauereisen found the blood 
from the umbilical cord of calves to give identical reactions with the antisera of 
colostrum, milk protein, and casein.  Antisera of blood obtained from the um- 
bilical cord did not give a high titer.  However, colostrum antiserum precipitated 
the blood from the umbilical cord of infants.  He concludes,  therefore, that the 
substances present in the blood of the mother are also present in the blood of the 
unsuclded  new-born infant.  The diffLculties of the  previous investigators had 
been in the difference in the protein content of the two bloods. 
It is to be remembered that in the work just reviewed the investiga- 
tors were working  with  mixtures  of proteins,  with  the  exception  of 
casein, and some of the data suggest that even the casein was impure. 
Bauereisen  was probably correct  in  his  deductions  from his  experi- 
mental data,  but from the  results presented  here  and  that  of Howe 
(2)  it is evident  that Langer was correct in  assuming  that  the  new- 
born  animal  receives from colostrum  certain  additions  to  its  blood. 
These additions  are,  as we have shown,  globulin  fractions,  the  frac- 
tions which carry agglutinins.  There are other,  ~  quantitative,  differ- 
ences between the serum of the new-born and that of the adult, some 
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II. 
The  Protein  Fractions  of  Colostrum and  of  Serum  with  Which  the 
Agglutinins for Bacillus abortus Are Associated. 
Presentation  of Data.--Samples  of  colostrum and  of  serum  with 
high agglutinin taters for Bacillus abortus were fractioned with sodium 
sulfate at 37°C.  to determine the protein fraction or fractions which 
would  contain  the  aggiutinins.  Proteins  when  precipitated  are 
readily soluble in water and the adherent salt.  The general procedure 
for the separation of protein fractions was to precipitate small quan- 
tities, 0.5 to 1.0 cc. of colostrum or serum, with various concentrations 
of sodium sulfate, wash  the  precipitate with  the  concentration of 
sodium sulfate used in precipitation, and then to dissolve the precip- 
itated protein  in  a  known quantity  of distilled  water.  The final 
concentration of  the protein was  then  known within approximate 
limits; the assumption was made that the quantity of water retained 
in the filter after dissolving the precipitate was the same as that which 
was present after filtration and washing.  The protein solutions con- 
tained sodium sulfate in variable amounts which depended upon the 
concentration of  sodium  sulfate  used.  That  this  salt  did  not  in 
itself cause agglutination nor inhibit agglutination at the high dilu- 
tions was demonstrated by control experiments in which the concen- 
trations of sodium sulfate employed for precipitation were used and 
by tests upon filtrates from precipitations which completely removed 
the agglutanins.  In some cases the proteins were reprecipitated and 
again tested for agglutinins.  The procedure followed in testing for 
agglutAnins has been described elsewhere (3).  Representative data 
on serum and colostrum are contained in Tables III to IX. 
The removal of agglutinins from serum by sodium sulfate precipita- 
tion is shown in Tables III and IV.  The data in Table III relate to 
the agglutinin value of the protein precipitated from serum at various 
concentrations of sodium sulfate,  and  also  of  the  original  filtrates 
from such precipitations.  One set of data is the complement of the 
other.  It is evident that a considerable proportion of the agglutinins 
is removed by 14.5 per cent of sodium sulfate and that complete re- 
moval is accomplished at  16.4 per  cent of sodium sulfate.  Similar 
results are  shown in  Table  IV.  In  this  case,  however, instead of TABLE  Ill. 
The Agglutgvain Titer  of Protein  Fractions from Serum, Separated  with  Sodium 
Sulfate at Definite Concentrations, and of tile Filtrates from These Separations. 
Dilutions. 
Fractions. 
1:20  1:40  1:80  1:160  1:320  1:640 
Serum.  C.  C.  ++  ++  ++  + 
Na~S04, p~r ¢c~ 
13.5 
14.2 
14.5 
15.5 
16.4 
17.4 
21.5 
++  +  -,- 
++  ++  + 
+ 
++  ++  ++  + 
++  ++ 
++  ++  ++  + 
+  + 
++  ++  ++  ++ 
+  +  + 
++  ++  ++  ++ 
+ 
++  ++  ++  + 
++ 
Filtrates. 
13.5 F 
Control. 
N 
14.2 F 
14.5 F 
15.5 F 
16.4 F 
17.4F 
21.5 F 
C. 
++ 
+ 
++ 
+ 
+ 
+ 
w 
m 
m 
n 
N 
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examining  the  filtrate from  the  original  precipitation  directly,  the 
agglutinin titer of the protein  precipitated at 18 per cent of sodium 
sulfate was employed; at this concentration all agglutinins have been 
TABLE  IV. 
The A gglutinin Titer of Protein Fractions from Serum Which Were Precipitated ugth 
Sodium Sulfate and of the Proteia in the Filtrates Precipitated by Increasing the 
Concentration of Sodium Sulfate to 18 Per Cent.* 
Fractions. 
Serum. 
N~04,  Per cent 
13.5 
14.5 
15.5 
17.4 
1:20  1:40 
4.+  +4. 
4-+  4.4. 
Dilutions. 
++ 
+4. 
4. 
++ 
4.+ 
+ 
1:80  1: 160 
++  ++  + 
++ 
4.4. 
4. 
4.4. 
4. 
4.4. 
-t- 
+ 
4.+ 
-t-+ 
++ 
1:320 
+4. 
+ 
4. 
++ 
++ 
I: 640 
++ 
+ 
1:I~80 
++ 
+ 
1:2,56£ 
4.4. 
Control. 
m 
Filtrate  ~roteln. 
4.4.  1 s/18 
14.5/18 
15.5/18 
~ 
+  4.4. 
4.4. 
4. 
_  _ 
* The solutions of the precipitates produced by 14.5, 15.5, and 17.4 per cent 
of sodium  sulfate contained a  dark precipitate  the  following day whiCh was 
removed  by centrifugation. 
removed in every case studied; in fact, 16.4  per cent Of sodium sul- 
fate is usually sufficient. 
Data  relating  to  the  removal  of  agglutinins  from  colostrum  are 
contained in Tables  V  to IX.  The  data in Table  V  illustrate  the 300  GLOBULINS  AND  AGGLUTININS 
TABLE  V. 
The Agglutinin Titer of Protein Fractions from Colostrum, Separated with Sodium 
Sulfate,  and of the Filtrates from These Fractions. 
Dilutions. 
Fractions.  Control. 
1:20  1:40 1:80 1:160 1:3201:640 1:1,280 1:2,560 1:5,120 1:10,240 
Colostrum.  +4  ++4 _f+ ++  +4  4+  4+  +4  44  +  -- 
+  +  ++  ++  ++  + 
Na2SO~, per cent 
7.5  ++  +  - 
9.5  ++ ++!+ 
+++ 
10.5  ++ ++  + 
+++ 
12.5  ++ ++ ++~++ ++ ++ 
++ ++ ++ ++ ++  + 
13.5  ++ ++ ++ ++ ++ ++ 
++ ++ ++ ++ ++ + 
14.2  ++  ++  ++i++  ++++ 
++ ++ ++ ++ ++i++ 
14.5  ++ ++ ++ ++ ++  ++i 
+  +  +  +  ++ ++ 
m 
+ 
++  + 
+ 
++  ++ 
+ 
++  + 
=:t= 
15.5  ++++++++++++  ++  ++  +  -- 
+  +  +  ++++++  ++  + 
16.4  ++++4÷+4++4+  ++  4+  4+  + 
++ ++  ++++  ++++  ++  + 
17.4  4÷÷÷4÷÷4÷4÷÷  4÷  44  ÷4  -- 
+  +  +  +  ++++  4+  + 
Ffl~a~s. 
7.5 F 
11.5 F 
++ ++ ++ 
++l++  ++ 
++ 44  ++ 
+4  +4  +4 
++ ++ ++ 
++J++  ++ 
++l++l++l 
++l++l++l 
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Fractions. 
Na2S04,  per cent 
12.5 F 
13.5 F 
14.2 F 
17.4F 
I  Dilutions. 
,:2o  ,:,o:2,o  Cont L 
Filtrates 
++++++++++  ++++~i  + + ÷  + ++++t++++++  4-  ÷÷  ÷+ ! + +  ..... 
4-+  4-4- 4-4-i 
extent to which the agglutinins are removed by each concentration of 
sodium sulfate.  The agglutinin titers of the precipitates increase up 
to approximately 16.4 per cent of  sodium sulfate.  A  considerable 
proportion of the agglutinins is precipitated with the proteins separat- 
ing at  12.5 per cent of sodium  sulfate.  The precipitates in these 
cases were obtained from  1 cc.  of colostrum and were washed four 
times with sodium  sulfate  solutions  of  the  concentrations  used  in 
precipitating them.  The titrations of the  filtrates from the original 
precipitations show that the  agglutinins have been completely  re- 
moved at 17.4 per cent of sodium sulfate, a concentration v~hich  pre- 
cipitates all of the protein which we have assumed to be pseudoglobulin 
I.  The demonstration of  the  complete  removal  of agglutinins by 
examination of the protein contained in the filtrates, such as was done 
for serum (Table IV), is contained  in Table VII. 
There is a possibility in the procedures followed in separating the 
protein fractions that the precipitates are contaminated by solution 
retained on the filter or adsorbed  on the precipitate.  The experi- 
ment detailed in Table VI  was conducted in an attempt to obviate 
this possibility.  Mter precipitating the  proteins and washing  the 
precipitates,  they were dissolved in water and tested for agglutinlns. 
An aliquot portion of the remaining solution was taken, the protein 
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TABLE  VL 
The Agglutinin Titer of (a) Protein Fractions Precipitated  front Colostrunt by Sodium 
Sulfate and (b) after Reprecipitation of the Same Fractions.* 
Dilutions. 
Fractions. 
per Iuu cc,  1:20  1:40  1:80  1:150 1:32(]  L:640  1:1,280  1:2,550  1:5,120 
gm. 
Rennet whey (1).  3.439J" +4- -I-4- 4-4- +'4- -4-'+" 4-4-!  4--4- 
+  +  4-  ++++I  ++ 
"  "  (2).  ++++++++++++  ++  ++  ++  - 
+  +  +++  +  +  ++  ++ 
Na~O~, per cent  4- 4- 
13.8 (a)  0.742  C.  ++ ++  ++  ++ 
~++  ++  ++ + 
13.8 (b)  ++  ++ ++  ++ ++ ++  + 
++!++  ++  ++ + 
14.0 (a)  0.998  ++~++  C.  ++ ++ ++  ++ 
+  l++  ++ ++ + 
14.0 (b)  ++  ++  ++  ++  ++  ++  ++  - 
++++++i+++  + 
14.2 (a)  1,006  -4--t- 4-4- +4-4-4-  4-+ +-4-  4-4- 
++  +  +  ++ 
14.2 (b)  +'4- 4--t- +'4" "4"-I- +'4-  4--I-  "4-+  4- 
++  ++  ++:++  ++  + 
18.4 (a)  2.380  -4--t- -4-+ +'4- "4-+ 4--I-  4-4- 
++  ++  ++!+  + 
++ 
+ 
++ 
++ 
c. 
18.4/14.2  (b)  ++++++++++  ++  + 
++ ++ ++ +  + 
Control. 
Filtrate  from  -4-+ -4- 
18.4/14.2 
* The first agglutination  series and rennet whey (1) extended only to a dilution 
of 1:1,280.  In the  case of  18.4/14.2 (b)  the dissolved  protein predpitated at 
18.4 per  cent of sodium  sulfate  was  reprecipitated  at  14.2 per cent of sodium 
sulfate. 
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was dissolved and tested.  It is evident that the agglufinins remained 
with the protein material. 
TABLE  VII. 
Data Showimg (1) the Effect of Clearing Colostrum with Sodium Oxalate, (2) Precipi.- 
ration witk Carbon Dioxide, and (3) tke Agglutinins  Remaining  in Solution 
after Precipitation  of Proteins at Given Percentages Wkich Are After- 
ward Precipitable by 18 Per Cent of Sodium Sulfate. 
Dilutions. 
Fractions.  Nitrogen  Control.  'per 100 co. 
1:20 1:40]  1:80 1:160 1:32~ 1:640 1:1,280 1:2,560 
i 
gm. 
Colostrum, whey.  2.640*  -b+ -b+-k+  ++  -bq- -bq-  q-q-  + 
+  ++ +~- ++ +  + 
! 
Colostrum, oxalated,  q-q- q-q- -b-k q-q- +q-]"k+  +"k  q-q- 
++ ++ ++ ++ ++~+-b  + 
CO~, oxahted.  1.365  ÷+  +q- +-b -b-l- -b÷ -b-b  "b  -" 
+  +  +  + 
C0t  1.365  -b-b  q-n  u -bq- -b-b -b+-[--b  +  -b 
+  +  +  I 
CO~, filtrate.  1.275  -b  -[-  q-q- -b-b -b-k:  --k 
++] 
Na~04, l~er cent 
13.5/18  +'-k +'-F +'-k  +"-k +  -  - 
+  ++]++ 
14.5/18  ++ ++ ++ + 
++ ++ 
15.s/~s  !- 
I 
16.4/18  I 
m 
m 
m 
* Colostmm. 
In the course of experiments relating to the determination of the 
proteins of colostrum, attempts were made to utilize carbon dioxide 
as  an agent for the separation of the proteins.  It was found that 
variable results were obtained, in some cases casein alone was precip- 
itated  and in  others  euglobulin and casein.  In Table VII are data 304  GLOBULINS  AND  AGGLUTININS 
relating to the agglutinin titer of the proteins separated by carbon 
dioxide, from which it appears that a large proportion of the agglutinins 
was  removed by  carbon  dioxide.  In  this  case  the  carbon  dioxide 
removed both casein and euglobulin, a fact which is evident from other 
TABLE  VIII. 
Tke Agglutinin  Titer of Protein Fractions Removed Successively  from Solution by 
Sodium Sulfate or by Acetic Acid. 
Dilutions. 
Fractions.  Nitrogen  Control.  per 100 Cc. 
1:40  1:80  1:1601:32CI:640  1:1,28011:2,560 
g,,.  I  I 
Colostrum, oxalated.  3.872  q-q- q-q-q--I- q--k-t-q-  -I-q-  q- 
q-q- q-q-q-q- q-q-iq-q-  -t- 
Procedure  a. 
Casein, direct precipitation. 
Na2SO4 14.2 per cent after 
casein. 
Na~SO4 17.4 per cent after 
14.2 per cent. 
0.648 
0.804 
1.201 
~ 
+  + 
+ 
+++ 
+ 
I 
++  + 
++ 
1++ ++ 
J++ ++ 
i  + 
Procedure b. 
Na~SO, 14.2 per cent.  --  -- 
Casein after 14.2 per cent. 
Na,SO4 17.4 per cent after 
14.2 per cent less casein. 
0.993  q-q- 
0.755  -- 
1.126  q-q- 
++ 
++ ++ ++ 
i+  +  ++ 
i++  ++ ++  +++++ 
~ 
+  ++ 
i 
j+  - 
analytical results obtained  at the same time; hence the precipitation 
of agglutinins is to be compared with  those obtained at 14.2 per cent 
of sodium sulfate.  The  agglutinin  titer of protein not precipitated 
at 14.5 per cent of sodium sulfate (14.5/18)  in the other experiments 
is to be compared with the data relating to the carbon dioxide precipi- 
tation. 
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rennin, which interferes with the titration of the agglutlnins.  Sodium 
oxalate will readily remove the opacity of a solution of milk or colos- 
trum, particularly if it be diluted with one or two volumes of a  salt 
solution or water  (5).  Such additions of sodium oxalate have not 
interfered with the determination of agglutinins in a number of cases 
in our experiments.  An example is contained in Table VII.  On the 
other ltand,  the introduction of such a  salt into  the agglutinating 
system is not desirable.  We have, therefore, used the whey unless it 
was impossible to do so. 
The experiments outlined with regard to colostrum have involved 
the determination of the agglutinin titer of single proteins or mixtures 
of proteins precipitated in each case from a  definite quantity of the 
original  colostrum.  In  Table  VIII  are  data  which bear  upon the 
removal  of  agglutinins by  the  successive precipitation  of proteins 
or groups of proteins from one sample of colostrum.  Two portions of 
the colostrum were used.  From the dilute solution of one  (a)  the 
casein was removed by the addition of acetic acid and  then, after 
careful neutralization,  the globulins were precipitated with sodium 
sulfate.  In the second portion (b) sufficient sodium sulfate was added 
to give the solution a concentration of 14.2 per cent, and after filtra- 
tion the casein was precipitated with acetic acid, the filtrate neutra- 
lized, and sodium sulfate added to make a concentration of 17.4 per 
cent to separate the pseudoglobulin I  fraction. 
The data indicate that casein does not carry the agglutinins;  the 
precipitated casein was  dissolved by  the  careful addition of 0.1  N 
NaOH.  The discrepancy between the agglutinin titers obtained at 
14.2  per cent of sodium sulfate after casein has been removed and 
before the removal of casein is due, we believe, to the change in the 
precipitabflity  of  the  globulins  as  the  result  of  acidification  and 
neutralization following the direct precipitation of casein from  the 
original solutions of colostrum.  That different quantities of protein 
are  precipitated  is  evident from  the  different amounts  of protein 
nitrogen present in these cases.  This difficulty has been experienced 
in other experiments relating to agglutinins and in attempts to pre- 
cipitate the proteins of colostrum (5).  The variable results found at 
14.2 per cent of sodium sulfate are reflected in the agglutinin titers of 
the  subsequent fractions.  The most important result is,  however, 306  GLOBULINS  AND  AGGLUTINENS 
the failure to obtain agglutinins with the casein fractions.  That the 
absence of agglutinins is not the result of destruction resulting from 
acidification and  neutralization is  evident from  the  demonstration 
of  agglutinins in  the  subsequent fractions precipitated by  sodium 
sulfate after neutralization. 
TABLE  IX. 
The Agglutini/n Titer of Protein Fractions of Milk. 
Fractions. 
Milk, whey. 
NasSO~, per ¢em 
13.5 
14.0 
14.2 
17.4 
Nitrogen 
per I00 co. 
0.478  C.  ++ 
++ 
0.022  ++  ++ 
++  + 
0.017  ++  ++ 
++  ++ 
0.034  ++  ++ 
++  + 
0.277  ++  ++ 
++  ++ 
Dilutions. 
1:20  1:40  [  1:80  1:160 
++  ++ 
++  + 
++  + 
++  + 
++ 
++  ++ 
+  + 
1:320 
++ 
++ 
1:640 
+ 
1:1,280 
Control. 
Certain samples of milk having a  relatively high agglutinin titer 
were  available.  Ffactionation  of  such  samples  (Table  IX)  gave 
results similar to those found for colostrum.  On the other hand, if 
we exclude the casein the agglutinins are associated with a relatively 
small amount of protein. 
DISCUSSION. 
The c~ata presented with regard to the precipitation of agglutinins 
for Bacillus abortus in blood and col~trum indicate definitely that the 
protein, or protein mixtures, precipitated up  to and including 16.4 
per cent of sodium sulfate carries with it the agglutinirls.  It is this 
fraction, which is absent flom the blood of the new-born calf, which is 
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by  the  new-born  animal.  The  association  of  agglutinins  with  a 
particular  protein fraction is not clear-cut.  It appears  that  a  large 
proportion of the agglutinins is associated with the fraction which is 
precipitated by 14.2 per cent of sodium sulfate, euglobulin.  On the 
other  hand,  agglutinins  were  found  in  later  fractions,  14.2  to  16.4 
per  cent of sodium  sulfate.  If we assume  that  the  agglutinins  are 
associated  only  with  the  euglobulin  fraction,  precipitated  by  14.2 
per cent of sodium sulfate or by carbon dioxide, then it is necessary 
to conclude that  the agglutinins  appearing in the later fractions are 
there because of a  failure to precipitate  all of the euglobulins in the 
process of fractionation.  The method of separation does not preclude 
such  a  possibility.  Certain  results  obtained  in  testing  samples  of 
colostrum  for agglutinins,  in  our  search  for  a  high  titer  colostruml 
leave the situation at present just where a literal interpretation of the 
data given would place it; i.e.,  that the agglutinins are associatedwith 
the protein fractions which are precipitated up to and including  16.4 
per cent Of sodium sulfate.  The  observations referred  to related  to 
samples  of colostrum  having  a  low  titer  with  a  euglobulin  content 
which was high or relatively high.  In these cases the agglutinins did 
not appear, or but a trace was present, in the fraction precipitated at 
14.0 to  14.2  per  cent of sodium  sulfate, but did appear in fractions 
precipitated at 18.4 per cent of sodium  sulfate; in  these preliminary 
tests  only  two  concentrations  of  sodium  sulfate  were  used.  It  is 
evident,  however,  that  while  there may be difficulties of separation 
they  concern  only  the  euglobulin  fraction  and  the  pseudoglobulin 
I  fraction and not the protein precipitated at higher concentrations of 
sodium  sulfate. 
It is not possible to draw any more definite conclusions through a consideration 
of past work.  Gibson and Collins (9) fractioned immune sera of various kinds 
from different animals and were unable  to show that  the agglutinins  or anti° 
toxins were associated exclusively with any particular  fraction.  They did find 
that a  large proportion  of a particular  antibody was found either with  the eu- 
globulin  fraction  or with the pseudoglobulin fraction.  These conclusions were 
reached after consideration of the literature in which immune bodies were held to 
be associated with definite fractions. 
Hartley (10) has since held that  the immune bodies against  rinderpest were 
associated with the euglobulin fractions of blood serum.  He also found an in- 
crease in the euglobulin fraction as the result of immunization.  Homer (11) has 308  GLOBULINS AND  AGGLUTININS 
studied the fracfionafion of diphtheria antitoxin serum with sodium sulfate as 
well as with ammonium sulfate.  With regard to the distribution of the antitoxin 
her work was similar  to that of Gibson and Collins in that, by fractioning with 
different concentrations of ammonium or sodium sulfate,  some of  the  antitoxin 
was found in the euglobulin-pseudoglobulin  zone, but most of the antitoxin was 
found with  the  pseudoglobulin.  It  was  further shown  that  "the  percentage 
precipitation of the antitoxin with the proteins precipitated at various concentra- 
tions of sodium sulphate is a linear measure  of the percentage precipitation of 
the antitoxin-bearing  proteins."  This relationship is undisturbed by  heat denatura  - 
tion of plasma adjusted to a definite hydrion concentration.  There is a particular 
difference between our results and those of other investigators in that the proteins 
were precipitated at a relatively high dilution,  a condition which should  tend to 
minimize the effect of contamination by adsorption. 
SUMMhRY. 
A  comparison  of  the  appearance  of  the  agglufinins  for  Bacillus 
abortus in  the blood of new-born  calves with the first appearance of 
globulins in the same blood following the ingestion of colostrum in- 
dicates that the agglutinins are associated with the globulins.  These 
observations  are  supported  by the  removal of the  agglutinins  from 
serum  or  colostrum  with  concentrations  of  sodium  sulfate  which 
precipitate globulins present in the blood of calves which have ingested 
colostrum, but which are not present at birth. 
Neither the  association  of immune  bodies with globulins  nor  the 
direct absorption of protein by new-born animals is a new fact.  The 
evidence presented is of particular value, however, in associating the 
appearance of certain protein fractions in the blood of the new-born 
animal with the simultaneous absorption of agglutinins. 
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